Introduction
One of the most important aspects in open channel flow computations is the estimation of hydraulic flow resistance. Knowledge about the hydraulic resistance is important for the understanding and handling of engineering and environmental problems involving rivers and streams. Its estimation has direct or indirect consequences in the planning, design, and operation of water resources projects including flood control, erosion control and channel stabilization.
In an alluvial stream, the mobile bed formed by cohesionless alluvium is seldom flat; rather, it is covered by periodic bed deformations, known as bed forms. These bed forms change in type and size depending on the flow conditions. They constitute an important obstacle to the flow, and thus, the resistance of alluvial channels changes as bed forms change.
Einstein and Barbarossa (EB) in 1952 provided a semi-analytical method for the computation of flow resistance in alluvial channels. Although the technique is very old, it is still probably the most widely quoted of any existing techniques. They suggested that the resistance of an alluvial stream consists of bed resistance and bank resistance. Furthermore, the bed resistance consists of grain friction and bed form resistance. According to EB (1952) , the shear stress or drag force acting along an alluvial bed can be divided into two parts, i.e, ),
where τ -the total drag force acting along an alluvial bed, τ' and τ'' -the drag force due to grain roughness and form roughness, respectively, γ -the specific weight of water, S -the energy or channel slope, and R -the hydraulic radii due to grain roughness and form roughness, respectively. The grain friction denotes the resistance to a two-dimensional flow, which is not affected by side banks, with a plane bed. The grain friction can be described by the following equation (EB 1952) :
where ū -the average velocity, u * -shear velocity due to grain roughness = (gR ' b S) 0.5 , k s -a representative roughness, which is taken as D 65 , the particle size of bed material of which 65 per cent by weight is finer and χ -a function of k s /δ, where δ is the thickness of laminar sublayer (= 11.6υ/u*). The relationship between χ and k s /δ (= R * /11.6, R * = u * k s / γ and is called particle Reynolds number) has been presented through a graph based on the measurement of Nikuradse's experimental data on sand roughened pipes.
Although the EB (1952) equation was intended to be universal, embracing all sediment sizes and depth of flow, in practice it has on occasions given results which have been clearly very considerably in error (Smith, 1970) . It may be or may not be, but the authors feel that can be attributed to the graphical determination of the parameter χ. Although Smith (1970) has presented the modified bed-form resistance diagram, he kept the same correction factor as devised by the EB (1952) . Brownlie (1981) has analyzed the Nikuradse measurements and presented the three different and distinct equations in order to measure the χ analytically or explicitly.
As said earlier, the graphical relationship between χ and k s /δ has been derived based on the Nikuradse measurement, by carefully analyzing the Nikuradse measurement one distinct and unique semi-empirical relationship can be obtained, which can hopefully replace the graphical determination of χ.
Analytical approach
The wide acceptance of the log law of velocity distribution could be due to the fact that it can be justified with certain theoretical arguments, for example, Prandtl's mixing length assumption, von Karman's dimensional reasoning or Millikan's asymptotic analysis (Kundu et al., 2004) . However, these arguments can be considered theoretically correct only in a limited region of flow, although the log law may apply practically beyond the region. Generally, it is believed that wall-bounded turbulent flows are characterized by two kinds of length scales. In the inner region near a smooth boundary, fluid viscosity is important, and thus the acceptable length scale is the viscous length scale. In the outer region that is sufficiently far from the boundary, flow inertia is significant. In addition, it is assumed that the shear velocity is a global velocity scale applicable both for the inner and outer region (Nezu and Nakagawa, 1993) .
The established laws of velocity distribution for turbulent flows can be expressed as:
for smooth pipes and (3)
where A -the inverse of Von-Karman's constant (= 2.45), a' and b' are constants, u -the velocity at a distance y measured from the pipe wall, u * -the friction velocity, k s -the Nikuradse's sand roughness height and ν is the kinematic viscosity of the fluid.
As seen from the Eqs. (3) and (4), the characteristic length l for non-dimensionalizing the depth y is ν/u * for smooth turbulent flows and k s for rough turbulent flows. So it is proposed that l is actually a linear combination of both (ν/u * and k s ) with a correction function, φ covering the all ranges i.e., smooth, transition and rough regimes of turbulent flows. Thus
where R * -equal to k s u * /ν and the correction function φ is assumed to be a function of R * . At R*→0, pipe is said to be in smooth condition and for rough pipe R*→∞.
For large values of ν/u * the term a'ν/u * dominates making the second term b' k s negligible in comparison with it. So also for small values of ν/u * , the second term becomes important allowing the neglect of the first term. Thus the velocity laws covering all the three regimes can be summarized as,
Now, if a condition that * (R ) φ = 1 for both when R*→0 and ∞ is imposed due to established physical conditions of hydraulically smooth and rough regions, Eq. (6) reduces to Eqs. (3) and (4) respectively.
By assuming Eq. (6) valid for the entire pipe radius (r), an expression for ū/u* can be obtained by integrating Eq. (6).
where
Resistance equation for free surface flows can be obtained by Eq. (7) by suitably adjusting the terms in it depending upon the geometry of flow region between pipes and free surface flows. If logarithmic law of velocity distribution is assumed to be valid throughout the radius, r, in case of pipes and the flow depth, D, in case of free surface flows; then r is to be replaced by D and a multiplying factor e -0.5 is to be introduced to B * in Eq. (7) as shown in Fig. 1 . 
For free surface flows, it can be written as:
Or the resistance equation for free surface flows can be written as:
It is of interest to express Eq. (11) in a form given by EB (1952) as:
where χ -a correction factor roughness introduced by EB (1952) and it is a function of k s /δ or R * /11.6. Thus the expression for χ can be expressed as:
( ) 
Substituting the values of a, b and φ(R * ) in Eq. (13) 
In order to compute χ, EB (1952) have given a curve relating χ and 11.6R (15) is shown in Fig. 2 by using the Nikuradse's experimental data.
Conclusions
1. In sediment transport, the curve given by EB (1952) can now be replaced by the analytical expression of Eq. (14).
2. Eqs. (7) and (11) are valid for all the three roughness regions, can now be used as a unique equation to find the resistance characteristics of smooth as well as sand roughened pipes and open channels respectively. Eq. 15 
